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(54) [Title of the Invention] ROLLING SUPPORTING DEVICE 

(57) [Summary] 
[Object] 

To provide a rolling supporting device, having an excellent endurance with respect to 
vibration, impact load or high speed continuous drive and high temperature placement still. 
[Solving Means] 

In a rolling bearing comprising an outer ring 2, an inner ring 1, and a plurality of rolling 
elements 3 disposed rotatably between the outer ring 2 and the inner ring 1, wherein the rolling 
elements 3 are made of a steel having a 3% by weight or more Cr content, a nitride layer having a 
Hv 900 or higher hardness is provided on a surface layer thereof. Then, the thickness of the 
nitride layer is provided by 1.5% or more and 6% or less with respect to the rolling element 
diameter Da. 
[Claim] 

[Claim 1] A rolling supporting device comprising an outer member, an inner member, and 
a plurality of roUing elements disposed rotatably between the outer member and the inner member, 
characterized in that at least the rolling elements out of the outer member, the inner member, and 
the rolling elements are made of a steel having a 3% by weight or more Cr content, and a nitride 
layer having a Hv 900 or higher hardness is provided on a surface layer thereof such that the 
thickness of the nitride layer is set to be either 1.5% or more and 6% or less with respect to the 
roUing element diameter Da, or 1.5% or more with respect to the rolling element diameter Da and 
100 |im or less. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] 
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cnnnnrfina Hpvice such as a rolUne bearing, a 
Unear guide and a ball screw. Specifically, it relates to a rolling supporting device to be 
assembled in an information appliance such as a hard disc drive device (hereinafter it is referred to 
as an HDD), a video tape recorder (hereinafter it is referred to as a VTR) and a digital audio tape 
recorder (DAT) or an appUance required to have a quiet property such as a fan motor, a cleaner 
motor and a turbo charger for an automobile, and suitable for supporting a rotating portion such as 

a spmdle or a swaying motion part such as a swing arm as a part of a constituent part of the HDD, 

or the like. 

[0002] 

[Prior Art] 

In general, according to a rolUng supporting device such as a rollmg bearing, a linear guide 
and a baU screw, a rolling motion is executed between an outer member, an inner member and a 
rolling element constituting the rolling supporting device so that the outer member, the inner 
member and the rolling element repeatedly receive the contact stress. Therefore, for the material 
constimting these members, properties such as hardness, load endurance, a long rolling fatigue life 
and a good wear resistance with respect to slippage are requirod. 
[0003] 

Then, in general, as a material constituting these members, the SUJ2 of the Japanese 
Industrial Standards as a bearing steel, the SUS440 of the Japanese Industrial Standards or a 13 Cr 
based martensite based stainless steel as a stainless steel, and a steel corresponding to the SCR420 
of the Japanese Industrial Standards processed by quenching or a carburization or carburization and 
nitriding process, or the like as a case-hardened steel are used frequently. Then, in order to obtain 
necessary physical properties such as the rolling fatigue life, or the like, as these materials, those 
having an HRC58 to 64 hardness by applying quenching and tempering are used. 
[0004] 
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aKrkw narHmilsirlv for the ball bearinss 
used for the information appUances such as an HDD and a VTR or a fan motor, since demand for 
the reduction of torque, sound and noise is extremely strict, they have the finish process of an 
extremely high accuracy. For exanq)le, for a rolling bearing (hereinafter it is described as a 
bearing for a spindle) required to have an extremely high quietness, for pivoting the rotating 

portion such as a spindle used for the HDD, an SUJ2 as a high carbon chromium bearing steel is 

often used. 

[0005] 

Moreover, for a rolling beating (hereinafter it is described as a bearing for a swing arm) for 
pivoting flie swing motion part such as a swing arm, since the absolute dry specification is often 
required, an SUS440C or a 0.7C-13Cr stainless steel as a martensite based stainless steel, or a 
staitdess steel similar thereto is used often. 
[0006] 

Then, in order to obtain the required physical properties such as the hardness and the wear 
resistance, quenching and tempering are applied to these materials so as to have the HRC 58 to 64 
bearing ring hardness. Moreover, except a special case, the rolling element is basically made of 
the same material as that of the bearing ring or either one of the outer ring or the inner ring often. 
[0007] 

[Problems to be Solved by the Invention] 

However, recently, according to the improvement of the portabUity by the miniaturization 
of the appliances, various problems of the rolling supporting devices have surfaced. That is, it has 
been revealed by the recent studies that since the appUances are exposed more frequently to 
dropping or vibration during the transportation according to the nriniaturization, the rolling 
supporting devices assembled in the appliances are damaged even though it is sUghtly so as to 
cause the performance deterioration of the appliances. 
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That is, in the case where an impact load is applied to the appliances, particularly in the 
case of a small ball bearing, or the like, due to a small contact ellipse, even by a relatively small 
impact load, the raceway surface is deformed permanenfly so as to generate the sound deterioration, 
the rotation torque irregularity, or the like so that the performance of the appliance with the ball 
bearing, or the like assembled is deteriorated. As it is disclosed in Japanese Patent Application 
Laid-Open No. 7-103241, this problem is considered to be generated due to the low yield stress of 
the soft phase of the residual austenite, or the like present inside the steel. In order to reduce the 
residual austenite while maintaining the hardness necessary for the ball bearing, a countermeasure 
for preventing the sound deterioration due to the impact load, or the like has been applied by 
reducing the residual austenite as much as possible or completely vanishing the same by applying a 
sub zero process after quenching, or tempering at a relatively high temperature of 220 to 240°C in 
the case of theSUJ2. 
[0009] 

However, recendy, according to the improvement of the portability of the appliance, the 
chance of exposure to the vibration is increased. As a result, a problem of the fretting generation 
due to minute vibration or the sway at the contact surface of the rolling element and the inner 
member or the outer member of the rolling supporting device so as to deteriorate the sound has 
surfaced. The invention disclosed in the above-mentioned patent application mainly pays 
attention to the sound deterioration by the impact load so that the fretting generated by the 
vibration or the operation of the appliance, or the like is not considered at all. Moreover, as the 
practical problem, according to a relatively small rolling supporting device used for the information 
appliances such as an HDD and a VTR or the other appliances required to have the quietness, only 
the countermeasure for the lubricant surface has been taken without having any countermeasure in 
terms of the material. 
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[0010] 

To the fretting problem, recently, application of a cerantuc ball made of a silicon nitride, or 
the like has been discussed. Since the ceramic baU has an extremely high hardness in addition to 
a good sliding property, it can be damaged extremely rarely. Therefore, by only having a ceramic 
ball as the rolling element, the adhesive wear is restrained so that the fretting endurance is 
dramatically improved compared with a steel ball. Furthermore, by using a ceramic ball for the 
rolling element, the sound endurance after the high speed continuous drive is extremely good. 
[0011] 

However, the cost of the ceramic ball is extremely high conq)ared with the steel ball. 
Furthermore, since it has an extremely high elastic coefficient con:q>ared with the steel, it receives a 
large contact surface pressure compared with the steel ball, and thus the trace can easily be formed 
on the bearing ring by the impact load. Therefore, a problem is involved in that the sound 
deterioration can easily be generated conq)ared with the steel ball. 
[0012] 

Moreover, due to the extremely small linear expansion coefficient conq)ared with the steel 
ball, a problem is improved in that the rigidity is lowered due to the pressurization failure due to 
the temperature rise at the time of operating the appliance. Furthermore, since the ceramic in 
general is an insulator, foreign substances are attracted by the electrostatic function so that the 
failure ratio by the dust sound is made higher. Furthermore, due to the extremely small specific 
gravity, a problem is involved in that the conveyance trouble can easily be generated in the 
assembling process due to the electrostatic function, or the like. Therefore, the performances of 
the information appliances and the other appliances required to have the quietness are not always 
satisfied. 
[0013] 

Furthermore, according to the roUing supporting devices, the problems accompanied by the 
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:ances (for e?i»r"pl<'; ^^^^ ^ig^ rotation speed of a bearing for a spindle) 



have newly surfaced. Hereinafter, with reference to an example of the case where a rolling 
bearing is the rolling supporting device, the problems will be explained. For example, in the case 
of an HDD, in addition to the miniaturization of the device, the rotational frequency of the spindle 
is further made higher recently so that a high impact resistance and a high speed endurance are 
required for a rolling bearing used therefor. 
[0014] 

Moreover, according to a swing arm with a magnetic head loaded, in order to ensure a high 
speed seek characteristic, a voice coU motor having a higher power has been used, and thereby the 
ambient temperature of the rolling bearing tends to be more and more made higher. As a result, m 
the case where the rolling bearing is stored at a high temperature for a long time in a stoppage state 
(hereinafter, it is described as a high temperature still storage), a problem of the sound deterioration 
due to the Brinell trace formation in the contact surface of the rolling element and the bearing ring 
has become conspicuous so that the endurance with respect to the high temperature still storage is 
ftuther called for. 
[0015] 

The BrineU trace formation by the high tenqwrature still storage is considered to be 
generated due to the facilitation of the decomposition of the residual austenite at the contact portion. 
Therefore, as in the case of the impact load deterioration prevention, a countCTmeasure for 
preventing the sound deterioration due to the high temperature still storage has conventionally been 
appUed by reducing the residual austenite as much as possible or completely vanishing the same by 
applying a sub zero process after quenching, or tempering at a relatively high temperature of 220 to 
240°C in the case of the SUJ2. 
[0016] 

However, the effect of such a countermeasure is solely to the extent that the sound 
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Vw. TWAvontM in the case of a lone term storaee at a temperature of about 70 to 
80°C according to the rolling bearing in the present situation, and thus a sufficient effect may not 
always be provided for the high temperature stiU storage at a temperature higher than that. If the 
performance of the HDD will be further made higher in the future, a roUing bearing having the 
endurance with respect to the high tenq)erature still storage at a tenq>erature higher than 100°C is 
expected to be needed, and thus a fiirtha: countermeasure will become necessary. 
[0017] 

The present invention has been achieved in order to solve the problems of the conventional 
rolling supporting devices as mentioned above, and the objects thereof are firstly to effectively 
prevent the performance deterioration of the rolling supporting device due to the vibration or the 
impact load accompanied by the facilitated portability of the appliance with the rolling supporting 
device assembled, and secondly to improve the various endurances (the impact resistance, the high 
speed endurance, the endurance with respect to the high temperature still storage) of the rolling 
supporting device made lower accompanied by the high performance of the appUance. 
[0018] 

[Means for Solving the Problems] 

The present inventors have first examined the factors of the sound deterioration due to die 
minute vibration or the sway of the appUance in detail so as to find out that die main cause thereof 
is the damage of the rolling element. That is, accordmg to the conventional rolling element made 
of a common bearing steel such as the SUJ2, as shown in Fig. 1, the remarkable fretting wear trace 
(the lateral stripe patterns in Fig. 1) is generated due to the vibration or the sway at the contact 
portion of the inner ring and the outer ring so as to remarkably deteriorate die rolling element 
accuracy, and thereby the sound deterioration is brought about. 
[0019] 

Then, with respect to the rolling supporting devices for the ball bearing, or die like. 
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^^q,«ved to have the extreni« niiietnes55, used for the HDD. the VTR, or the like, discussion has 
been held repeatedly on whether the performances of the rolling supporting device can be improved 
dramatically by basically utilizing the steel characteristics as they are, and forming an appropriate 
improvement layer on the surface of the rolling supporting device. Although the surface 
improvement methods include deposition, plating, or the like, even if the improved coating fUm 
obtained thereby has the exceUent sliding property, it is extremely difficult to form an even 
improvement layer on the surface of the conq)licated shape parts. Furthermore, as a rolling 
member, which receives a high shear stress, the coating fUm may easily be peeled off or dropped 
due to the insufficiency of the interface strength between the mother material and the coating film 
so that a problem is mvolved in that the reliability is lacked, and thus it is not preferable. 
[0020] 

Then, the present inventors have discussed the applicabiUty of the nitriding process as one 
of the surface improvement methods for the steel parts. The nitriding processes include the salt 
bath nitridmg, the gas nitriding, the ion nitriding process, or the like, and they have been utilized 
for a long time as the surface process methods for the mechanical parts required to have the sliding 
property. In general, they aJe the methods of maintaining a product processed in a desired shape 
at a temperature of about 500 to 600°C, diffusing and permeatmg a nitrogen from the surface and 
hardening. 
[0021] 

Unlike the deposited improvement layer, since the nitride layer formed on the surface 
accordingly is made by diffusion and permeation, it is considered to have a higher interface 
strength. However, in the case of a rolling part, which receives a higher shear stress, since it 
receives a high shear stress at a portion deeper than the nitride layer, the appUcation thereof is not 
easy. From these reasons, it has merely been executed so far basically for the purpose of applying 
the sliding property of the various mechanical parts. 
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As the specific application examples of the nitriding process to a rolling bearing and the 
other rolling parts, there are Japanese Patent AppUcation Laid-Open Nos. 6-341442, 10-131970, or 
the like. Japanese Patent AppUcation Laid-Open No. 6-341442 proposes a roUing bearing having 
the exceUent corrosion resistance, to be used preferably for a roUer clutch for a washing machine 
by applying the salt base nitriding to at least one of the mechanical parts so as to form a compound 
layer having a Hv 654 to Hv 830 hardness by a 5 to 20 thickness on the surface hereof. 
[0023] 

Moreover, Japanese Patent Application Laid-Open No. 10-131970. as in the case of the 
Japanese Patent AppUcation Laid-Open No. 341442, proposes a rolUng bearing to be used 
preferably for the machines such as a water pump for an automobUe engine by applying a nitriding 
process to at least one of the constituent parts made of in general a bearing steel so as to improve 
the corrosion resistance and improving the baking resistance by Umiting the average particle size of 
the nitride in the surface layer to 1 nm or less. 
[0024] 

However, they aim at mainly the corrosion resistance and the baking resistance. Not only 
the core part hardness with respect to the shear stress, which is essential for the rolUng bearing, has 
hardly been considered, the problems pecuUar to the ball bearing for the information appUances 
such as the HDD and the solving method therefor are not discussed. Therefore, the content is 
extremely insufficient for the application as the ball bearing for the information appliances. 
[0025] 

In particular, according to Japanese Patent AppUcation Laid-Open No. 10-131970, there is 
no mention concerning the depth of the nitride layer. Furthermore, the surface is assumed to be 
left as it is after the nitriding process without applying the so-caUed grinding finish, and thus it can 
hardly be used as the baU bearing for the information appliances, required to have the quietness. 
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the rollmg fatigue life in the case of the foreign substance introduction by forming a hard nitride 
layer of about Hv 1000 by executing a nitriding process to a predetermined steel contaming a Cr by 
3% by weight or more so as to prevent the flaw by the foreign substances. However, as in the 
case of the invention, this invention does not touch upon the problems peculiar to the ball bearing 
for the information appliances, that is, the quietness, the fretting, the sound deterioration by the 
impact load, or the problems such as the pressurization failure, or the like and the solving methods 
therefor at all. 
[0026] 

Then, the present inventors have elaborately discussed the improvement of the sound 
endurance and the fretting resistance, and furthermore, whether the problems of the impact 
resistance, the pressurization failure, the trouble by the electrostatic function, or the Uke as the 
shortcomings of the hybrid bearing can be solved as in the case of the roUing bearing utiUzing a 
ceramic ball (heremafter it is mentioned as a hybrid bearing) by applymg the nitriding process 
technique to the rolling element of the rolling supporting device such as a rolling bearing. 
[0027] 

As a result, it was found out that a rolling supporting device such as a ball bearing for the 
information appliances, having the excellent quietness, fretting resistance, intact resistance, or the 
like can be provided by using as the mother material of the rolling element a predetermined bearing 
steel, providing a nitride layer preferably having a Hv 1100 or more hardness as the surface layer, 
and furthermore, optunizing the hardness of the nitride layer base, the thickness of the nitride layer, 
or the like. Furthermore, the present inventors have found out that the endurance of the rolling 
supporting device (the high speed endurance, the endurance with respect to the high temperature 
still storage, or the like) can be dramatically improved by having the same configuration as the 
above-mentioned rolling element for the outer member and the inner member as the rolling 
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1 ^i^iit«(Y cimnrki-fino HAvirA ill nrlHitinn to the rollins element. Thereby, the 

problems accompanied by the high performances of the appUances with the roUing supporting 

devices assembled can be solved. 

[0028] 

Accordingly, the rolling supporting device accordmg to the present invention comprises an 
outer member, an inner member, and a plurality of roUing elements disposed rotatably between the 
outer member and the umer member, characterized in that at least the roUing elements out of the 
outer member, the inner member, and the rolling elements are made of a steel havmg a 3% by 
weight or more Cr content, and a nitride layer having a Hv 900 or higher hardness is provided as 
the surface layer thereof such that the thickness of the nitride layer is provided either by 1.5% or 
more and 6% or less with respect to the rolling element diameter Da, or by 1.5% or more with 
respect to the rolling element diameter Da and 100 |xm or less. 
[0029] 

As the roUing supporting devices of the present invention, for example, a roUing bearing, a 
baU screw, a Unear guide (straight movement guidmg bearing), or the like can be presented. Then, 
the outer member and the inner member in the present invention denote an outer ring and an umer 
ring in the case where the roUing supporting device is a roUing bearing. Moreover, simUarly in 
the case of a baU screw, they denote a nut having a female screw and a screw shaft havmg a male 
screw. Furthermore, simUarly in the case of a Unear guide (straight movement guiding bearing), 
they denote a slide and a guide raU. 
[0030] 

Heremafter, the critical significance of the present invention wUl be explained. 
(As to the steel as the constituent material of the outer member, the inner member, and the rolUng 

element) 

As the steel for the bearing to be the mother material of the outer member, the inner 
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ic rcUins elesient 2£ the roUisg mftmhRrs comprising the rolling supporting device, a 
high Cr steel containing a Cr at least by 3% by weight, preferably 5% by weight or more, and more 
preferably by 8% by weight or more in terms of the surface characteristic, particularly in terms of 
the fretting resistance, is used. 
[0031] 

Furthermore, in terms of the quietness, it is preferable that the relationship between the 
carbon (C) content of the steel and the Cr content satisfies C% ^ -0.05 Cr% + 1.41. As a result, 
the nitride layer formed on the surface has an extremely high hardness owing to the precipitation of 
the minute Cr nitride, or the like so that the sliding property, the fretting resistance, the high speed 
endurance, or the like are dramatically improved. Moreover, since the nitride layer has the 
exceUent heat resistance, or the like so that in the case where a certain condition is provided 
concerning tiie tiiickness thereof, the effect of dramatically improving the endurance with respect to 
the high temperature stiU storage, the inq)act resistance, or the like can be achieved. This will be 
described later. 
[0032] 

Moreover, in tiie case where the formula is not satisfied, due to production of a coarse 
eutectic carbide exceeding a 10 jim longer axis in the solidifying process, a problem of the short 
circuit may be generated at the time of wire drawing of die material m tiie case of a rolling element, 
or a problem of incapability of obtaining a targeted accuracy may be generated due to disturbance 
of die finish process accuracy by the eutectic carbide at the time of the finish process, or tiie like. 
In order to prevent generation of die problems, as to tiie size of tiie contained eutectic carbide, it is 
preferable that the longer axis is 5 pm or less. 
[0033] 

Moreover, due to tiie nitriding process, tiie core part receives tiie tempering at an extremely 
high temperature so as to be sUghtiy softened. In order to restrain tiie softening of tiie core part, it 
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is prsfsrsble te have the total r^ntftnt of the carbon and the nitrogen by 0.45% by weight or more. 
By using an alloy containing a nitrogen by 0.05% by weight or more, the softening can further be 
restrained and furthermore, it contributes to having the carbide finer, and thus it is preferable. 
MoreovCT, by compositely adding a nitride forming element such as Mo, V, W, Nb, Al, and Si in 
addition to the above-mentioned conqjonents, the fine nitrides thereof are precipitated so as to 
further improve the endurance, and thus they may be added in a tolerable range in terms of the cost. 
[0034] 

(As to the production method of the rolling element and the conq)lete product quality) 

For the production of the rolling element, first, using a line material with the cold drawing 
process, a material baU is produced by a cold process with a header or a cutting process and a 
flushing, or the like. After quenching, a sub zero process and ten5)ering are carried out, and a 
coarse grinding process is executed. Thereafter, a semi processed ball to be described later wiU 
be produced. At the time, as a preventive measure against the surface flaw generation in handling, 
it is preferable to preliminarily inqwrove the surface hardness by the mechanical hardening process 
by barrel or baU proning, or the lifce. These mechanical hardening methods contribute also to the 

induction ttansforniation of the residual austenite in the steel into the martensite so that the effect 

of restraining the deterioration of the intact resistance of the rolling supporting device derived 

from the rolling element can also be provided. 

[0035] 

Thereafter, the grinding process is executed to a size with a set machining allowance added 
to the target size, that is, the conq>lete product size (hereinafter, one obtained accordingly will be 
refwred to as a semi processed ball). The set machining allowance specifically denotes a 
machining allowance needed at the time of executing the finish process to the targeted accuracy, 
and of course one including the expansion or contraction amount by the nitriding process. The 
semi processed baU accuracy is preferably 3.0 or less sphericity, and it is more preferably 1.0 



13 



[0036] 

In general, the nitride layer is produced in a shape according to the shape of a matter to be 
processed. Therefore, in the case where a nitride layer is provided on a rolling element having a 
poor sphericity and a finish process is applied, it is ground unevenly so that the nitride layer 
thickness becomes uneven, and at the same time, the internal stress balance generated by the 
nitriding process also collapses, and thus a long time is needed for grinding in order to achieve the 
accuracy, or in some cases, the target accuracy may not be attained. 
[0037] 

As the nitriding processes, in general the gas nitriding, the salt bath nitriding, the ion 
nitridmg, or the Uke can be presented. The ion nitriding lacks the mass productivity, and it is 
strongly affected by the shape of the matter to be processed, or the like, and thus an even nitride 
layer cannot be formed on the sphere surface. Moreover, the gas nitriding and the salt bath 
nitriding in general have a relatively high processing temperature of 480 to 600°C. At the time, 
the core part is softened by the ten^jering function. 
[0038] 

However, in the case where a load is appUed to the roUing supporting device, since a large 
shear stress is applied in the depth direction, the hardness of the base of the nitride layer is 
extremely important. That is, in the case of the above-mentioned general nitriding methods, if the 
nitriding process temperature is high and the core part is extremely softened without a sufficient 
heat resistance of the mother material, breakage of the surface nitride layer may be brought about at 
the time the rolling supporting device receives a high contact stress due to the insufficient strength 
of the base for supporting the surface nitride layer. Then, it is preferable to ensure the core part 
hardness of HRC 57 or more. 
[0039] 
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high, the sohericitv, the 

diameter size variation, or the Uke are deteriorated drasticaUy after the nitriding process so that 
troubles are generated in terms of the steel ball accuracy and the various functions. Therefore, the 
nitriding process temperature is preferably 450*^0 or less, and further preferably it is 420°C or less. 
Moreover, with a lower process tenq)erature, the nitride layer becomes dense and a coarse porous 
layer cannot be produced. Therefore, the surface roughness after the wrap finish, tiie waviness, or 
the like tends to be improved. Specifically, the nitriding method mentioned as foUows can be 
utilized preferably. 
[0040] 

In the case of the gas nitriding in general, with a low process temperature, die ammonia gas 
reactivity is lowered. Additionally, in the case of a steel containing a large amount of a Cr, since 
a dense Cr oxide layer is formed in the surface layer, this inhibits the nitriding so that an even 
nitride layer may not be formed. Moreover, in the case of the salt bath nitriding, since the salt 
bath melting point is basically high, lowering of the process ten5)erature is limited. 
[0041] 

Then, as the nitriding process of the present invention, for example, a Nv nitriding process 
(product name of Daido Hokusan Corp.) can be used preferably. This process comprises a 
process of executing a fluoriding process at about 250 to 400°C using a fluorine based gas such as a 
NF3 (nitrogen trifluoride), or the like as the preprocess of the nitriding process, and a process of 
executing a nitriding process with a NH3 gas. 
[0042] 

According to the fluoriding process, the Cr oxide layer inhibiting the nitriding reaction is 
eliminated so as to form an extremely thin fluoride layer on the surface layer so that the surface is 
extremely activated. Therefore, even in the case where the nitriding process thereafter is carried 
out at a low temperature of about 400°C, an extremely even nitride layer can be formed. As a 
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deterioration of the rolUng element can be restrained after the nitriding process, and thus it is 
advantageous in that the finish process thereafter can be carried out relatively easily. 
[0043] 

The above-mentioned processes are merely an example. Even in the case of the salt bath 
nitriding, depending on the salt bath composition, the melting pomt thereof can be 420 to 430^C. 
and thus it may be a low temperature salt bath nitriding with about a 450 to 480°C process 
tenq)erature. As a result, a nitride layer of a Hv 900 or more hardness is formed on die surface 
layer so tiiat the quietness, the inq)act resistance, or the like are improved. Moreover, smce 
minute nitrides such as (Fe, Cr)2^, CrN, CrjN, or the like are precipitated by a large amount in the 
nitride layer, the various endurances as mentioned above are dramatically improved. In order to 
have the natures more preferably, the nitride layer hardness is preferably Hv 1 100 or more, and it is 
particularly preferably about Hv 1200 to 1400. 
[0044] 

Moreover, at the time the rolling supporting device receives an impact load, the sound 
deterioration may be generated due to generation of the impression formation in the outer member 
and the inner member. As a countermeasure therefor, it is effective to reduce the residual 
austenite as much as possible as mentioned above. However, in general, since the groove 
curvature of the outer member or the inner member of the rolling supportmg device (the outer ring 
or the inner ring in the case of the rolling bearing) is designed to be slightly larger than the 
curvature of the rolling element, practically the roUing element can easily receive a higher contact 
stress. In the case of a rolling element with an extremely high hardness nitride layer applied on 
the surface, the nitride layer thickness becomes an important factor. 
[0045] 

The present inventors have discussed the nitride layer thickness in detail. In order to form 
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thickness may be preferable in some cases. Furthermore, in the case of a relatively large 
distortion speed, that is. in the case of receiving an impact load, the rigidity of the rolling element 
surface is increased with a larger nitride layer ratio in the stress volume, and consequentiy the 
impact resistance is improved. Therefore.thethicknessof the nitride layer needs to be 1.5% or 
more of the rolling element diameter Da. and it is more preferably 2.0% or more of the rolling 
element diameter Da. 
[0046] 

However, with a thicker nitride layer thickness, even though the rolling element surface 
rigidity is increased, the impression formation may easUy be generated in the outer member and the 
inner member such as the bearing ring instead, it is preferable to produce the outer member and the 
innermemberoutof asteelforabearinghaving 1% or less of the residual austenite. Apreferable 
embodiment of the outer member and the inner member will be described later in detaU. 
[0047] 

Moreover, a nitride layer thicker than necessary leads to the prolongation of the nitriding 
process time so that the process cost and the niaMfactmngWstWy be iffcreased due to the 
sphericity deterioration after the nitriding process, furthermore, the required accuracy may not be 
satisfied due to the coarse surface texture, or the various characteristics may be lowered, and thus it 
is not preferable. Therefore, the nitride layer thickness needs to be 6% or less of the rolling 
element diameter Da or 100 ^m or less. In the case the roUing element diameter Da is 1.667 mm 
or less, it is preferable to have the nitride layer thickness of 100 \im or less. 
[0048] 

Moreover, after having the nitriding process applied, the rolling element has the finish 
process to the target accuracy, specifically, to a high accuracy ball of the grade 10 or more 
mentioned in the nS B 1501 (it includes the steel ball grade for a bearing for a swing arm). 
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particular, a bearing for a spindle, a high accuracy ball having a higher accuracy is required. In 
this case, the 3 or more grade is preferable, and further preferably, the sphericity and the diameter 
size variation are 0.05 nm or less, and the surface roughness is 0.003 jun Ra or less. 
[0049] 

The thickness of the nitride layer on the surface of the rolling element cotaplcte product 
produced by the method mentioned above is extremely even so that in addition to the quietness, the 
fretting resistance, and the impact resistance, the sound durability at the time of the high speed 
rotation and the Bain diaracteristic (the sound deterioration by tiie time passage change of the 
waviness of the rolling element surface) are inqwoved as well. 

(As to the production metiiod for the outer memb«r and the inner member, and the complete 
product quality) 

The steel as the constituent material for the outer member and tiie inner member is as 
mentioned above, and in addition to the SUJ2 mentioned in the JISG 4805, tiie SUJ3 and a steel for 
a high carbon bearing similar thereto, and a case hardening steel such as a SCR, and a SCM can be 
used. 
[0050] 

However, in order to prevent the sound deterioration by tiie intact load, it is preferable to 
reduce the residual austenite in tiie raceway surface as much as possible by the sub zero process or 
tiie mechanical hardening metiiod such as shot peening, and furthermore, by a metiiod such as 
tenqwring. or tiie like after quenching and hardening tiiem. It is preferable tiiat the residual 
austenite amount is 1 % or less. Moreover, in order to endure ttie wear and tiie sheer sttess, it is 
pref^ble that the hardness is HRC 58 or more. 
[0051] 

Moreover, by forming a carburization nitride layer on the raceway surface, tiie impression 
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be improved. Therefore, it is preferable to define the complete product quality of the bearing ring 
as foUows. The reason thereof and the critical significance concemmg the form will be explained 
hereinafter. In general, in the case where the carburization nitriding process is appUed to the outer 
member and the inner member, it is regarded important that the rolling Ufe under the lubrication 
with the foreign substance introduced is ensured by containing a large amount of the residual 
austenite in die surface thereof. However, as mentioned above, the residual austenite is hazardous 
in a smaU size rolling bearing, or the like, which is required to have the quietness, and thus it is not 
preferable to let it remain. Therefore, according to the present invention, the residual austenite is 
provided by 1% or less by executing tempering at a temperature of about 250 to 320°C subsequent 
to the carburization nitriding quenching. 
[0052] 

However, in order to obtain a sufBcient effect by the nitride layer, it is preferable to have 
the nitrogen concentration at a position of the 2% depth of the rolling element diameter Da of the 
nitride layer by 0.1 % by weight or more. More preferably it is 0.3% by weight or more. 
Moreover, rather than decomposing the residual austenite remaining after quenching directly by 
tempering, it is preferable to cause the induction transformation of the martensite so as to reduce 
the same as much as possible before executing tempering by the sub zero process or the mechanical 
hardening method such as shot peening and ball peening after quenching in order to obtain a higher 
impact resistance. Furthermore, it is preferable to have the hardness of the raceway surface of the 
outer member and the inner member by HRC 62 or more. 
[0053] 

The production method of die outer member and the inner membor, and die conq)lete 
product quality are same as the above-mentioned case of the rolling element. That is, a steel 
having a 3% by weight or more Cr content is used, a nitride layer having a Hv 900 or more 
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Of 1.5% or more and 6% or less of the roUing element diameter Da or 1.5% of the rolling element 
diameter Da or more and 100 ^m or less. By providing a nitride layer on the raceway surface of 
the outer member and the inner member, the impression can hardly be generated in the outer 
member and the inner member so as to dramaticaUy improve the impact resistance. 
[0054] 

Hereinafter, a specific production method will be described with reference to an example 
of a roUing bearing. First, a bearing ring processed into a desired shape by a machining process is 
hardened by executing quenching and tempering. In some cases, the sub zero process is carried 
out before tempering. In general, as to the bearing ring accuracy at this point, the roundness is 
several tens to 100 jim or more. By executing the above-mentioned nitriding process, the formed 
nitride layer is to be processed unevenly while grinding. Thereby, not only a desired nitride layer 
cannot remain but also the stress balance is deteriorated so as not to achieve the target accuracy, the 
grinding machining allowance is increased so as to require a long time for the grinding operation, 
or the like, and thus the problems are increased. Therefore, it is preferable to carry out the 
grinding process subsequeSto the quenching hardening and carry out the grinding finish process to 
at least 1 yaa or less roundness. 
[0055] 

Moreover, since expansion is caused according to the nitride layer thickness if the nitriding 
process is carried out, the bearing size at the time should be one with the expansion amount taken 
into consideration. Thereafter, it is provided for the same nitriding process as in the case of the 
above-mentioned rolling element. Since coarse particles of the oxide, the nitride, or the like, or 
the foreign substances adhere on the surface after the nitriding process, it is preferable to eliminate 
the same by barrel or the other mechanical methods. 
[0056] 
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accuracy thereof cannot be lowered remarkably after the nitriding process, in consideration to the 
irregularity or the expansion amount, or the like, the accuracy, or the like, in particular, according 
to the rolling bearing for an information appliance, it is preferable to carry out the regrinding finish 
process (including the wrap finish process) after the nitriding process. In this case, it is preferable 
to have the raUway surface coarseness by 0. 1 ^m or less, and it is fiirther preferably 0.05 |im or less. 

The other quaUties of die nitride layer are the same as the above-mentioned case of the rolling 

element. 

[0057] 

[Detailed Description of the Embodiments] 

An embodiment of a roUing supporting device according to the present invention will be 
explamed in detail with reference to the drawings. Fig. 2 is a cross-sectional view of a rolling 
bearing as an embodiment of a rolling supporting device according to the present invention. The 
rolling bearing comprises a plurality of rolling elements (balls) 3, an inner ring 1 disposed inward 
thereof, and an outer ring 2 disposed outward thereof such that the rolling elements 3 have the 
rolling guide while being maintained between the inner ring 1 and the outer ring 2. At the time, a 
rolling groove is provided in the inner ring 1 and the outer ring 2 for guiding the roUing elements 3 
such that the rolling elements 3 are supported so as to be distributed equally by a supporting device 
4 at the rolling groove. Moreover, a nitride layer N is provided in the surface of the rolling 
elements 3 by a method to be described later. 
[0058] 

According to such a rolling bearing, the bearing quietness and the all various endurance 
evaluations for the examples and the comparative examples were executed by the ball bearing 695 
(JIS call number). As the rolling elements to be assembled in the bearings, those having a wrap 
process to the grade 3 or more were used. A plastic supporting device was used for the supporting 
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[0059] 

The rolling elements of this embodiment were produced by the following method. As the 
roUing element material, the steels of the marks A-1 to A-4 having the component compositions 
disclosed in the table 1 were used. 
[0060] 
[Table 1] 
[0061] 

First, a material ball was produced using a 1.5 mm diameter line material by a header 
process and flashing, and then quenching, a sub zero process and tempering were applied thereto. 
Then, after carrying out a grindmg process, ball peening was carried out. Subsequently, a finish 
process was executed to a 1.0 \iin sphericity, and a nitriding process and a finish process (wrap 
finish) were applied. The nitriding process was executed by the Nv nitriding process by 410 to 
440°C X 24 to 48 hours. Fig. 3 is a schematic diagram of the rolling element production process. 
By the above-mentioned processes, a rolling element of the JIS grade G3 or more, the sphericity 
and the diameter size variation 0.05 ^un or less, and thesurface coarseness 0.003 nm Ra or less was 
obtained. 
[0062] 

The table 2 shows the conq)lete product quality of the rolling element. The material 
marks are those shown in the table 1. 
[0063] 
[Table 2] 
[0064] 

The surface hardness in the table shows the result of the measurement of the rolling 
element surface by a 100 g load directly with a Vickers hardness meter. The core part hardness is 
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[Table 2] 



Rolling element 


mark 


Material mark 


Surface hardness 
(Hv) 


IMiLrlQ© layer uiiorviicoo 

Da ratio(%) 

2.4 


Core part hardness 
(HRC) 

59.6 




B-1 

B-2 


A-3 
A-3 


1197 
1223 


2.0 


59.8 




B-a 




■i ^CC 


9 R 


59.7 


Example 


B-4 


A-4 


1345 


4.2 


59.8 




B-5 


A-4 


1358 


5.9 


59.9 
42.1 


Comparative 


C-1 
C-2 


A-1 
A-2 


754 
1298 


2.1 


59.7 


example 


C-3 


A-3 


1213 


0.9 


59.9 


C-4 


A-4 


1321 


1.2 


59.8 



nstrt hardnej;!; of the 

a value oDtainea oy measunng inc yu;».ci» uaiuu*'^ - »«w — »- 

cross-section obtained by enveloping a baU with a thermoplastic resin and poUshing, and 
converting the same to the RockweU C hardness. Moreover, the nitride layer thickness was 
obtained by polishmg a rolling element enveloped by a thermoplastic resin to an appropriate 
cross-sectional diameter and etching with a marble reagent, measuring the rolling element 
cross-sectional diameter in the observed surface, and the nitride layer thickness clearly observed 
after the etching in the cross-sectional diameter with a microscope, and geographically calculating 

the true nitride layer thickness based on the measured diameter and nitride layer thickness. In the 

cross-sectional view of the rolling element of Fig. 4, a white layer shown in the rolling element 

surface portion is the nitride layer. 

[0065] 

Moreover, the rolling element accuracy of the present invention is a 0.05 ^mi or less 
sphericity, and a ball waviness of 40 npc or less M. B. (5 to 30 crests per the circumference) and 83 
npc or less H. B. (30 to 160 crests per the circumference). In Fig. 4, which shows an example of a 
cross-sectional view of the roUing element of the present invention, it is confirmed that an 
extremely even and dense nitride layer is formed. 
[0066] 

On the other hand, the SUJ2 was used for the bearing ring, and either one of the following 
two kinds of the following heat treatments was appUed. The residual austenite in the steel was 
deconqwsed and vanished substantially completely in both cases. 

(1) After quenching at 820 to 850»C, a sub zero process, and subsequenUy tempering at 220 to 
240°C were appUed (it is mentioned as "SUJ2" in the column of the bearing ring in the table 3). 

(2) After carburization nitriding quenching at 820 to 850°C, a sub zero process, and subsequently 
tempering at 260 to 280°C were applied (it is mentioned as "SUJ2 + carburization nitriding" in the 
column of the bearing ring in the table 3). 
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[0067] 

The raceway surface hardness of the bearing ring was HRC 59.5 in the case of (1), and it 
was HRC 62.5 in the case of (2). Moreover, as a result of the cross-section nitrogen concentration 
distribution measurement by the EPMA in (2), the nitrogen concentration in the 2% Da depth was 
0.34% by weight. For the specimen baU bearings produced as a conabination of the roUing 
elements and the bearing rings, the sound endurance, the fretting endurance, the impact resistance, 
or the like were evaluated. 
[0068] 

First, the initial sound evaluation was carried out by measuring the axial vibration 
acceleration degree (G value) at the time of operating the specimen ball bearings by the preUminary 
pressure of 11.8 N, and the rotational frequency of 1,800 rpm, and thereafter they were provided 
for the various kinds of the evaluation tests. The table 3 shows the evaluation results. 
[0069] 
[Table 3] 
[0070] 

The sound endurance evaluation was carried out by measuring the axial vibration 
acceleration degree (G value) again after the rotation operation by the preliminary pressure of 1 1.8 
N. the rotational frequency of 7,200 rpm at a 70'»C temperature for 1.000 hours so as to find the 
sound deterioration amount from the initial value, and it is shown by the ratio based on the case 
where the comparative example E-5 of the total SUJ2 is 1. Therefore, a smaller numerical value 
in the table 3 shows a superior sound endurance. 
[0071] 

The fretting endurance evaluation was carried out by executing a swaying test by the 
below-mentioned conditions so as to find the sound deterioration amount from the initial value, and 
it is shown by the ratio based on the case where the comparative example E-5 of the total SUJ2 is 1. 

.24 
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table 3 shows a superior sound endurance. The impact resistance evaluation was carried out by 
dropping the ball bearings m a state with a 11.8 N preUminary pressure applied from the various 
heights in the axial direction (30 cm to 1 m) so as to measure the G value rise amount with respect 
to the state before the test. The bearings have the outer ring rotation, and the total weight 
including the hub of 35 g so that the acceleration degree at the time of dropping was measured by 
the acceleration degree pick up attached on the hub. The acceleration degree with the G value 
increased by 5 mG with respect to the state before the test was calculated, and it is shown by the 
ratio based on the case where the comparative example E-5 of the total SUJ2 is 1. Therefore, a 
larger numerical value in the table 3 shows a superior inq>act resistance. 
[0072] 

From the table 3, it is learned that the present invention is superior to the comparative 
exaiiq)les totally m terms of the sound endurance, the fretting resistance and the impact resistance. 
The fretting resistance and the sound endurance are the substantially same as or higher than those 
of the comparative example E-6 using a ceramic baU. As to the impact resistance, it is 
dramaticaUy inq)roved than that. SisAe same as or higjher than that of the comparative example 
E-5 using a rolling element made of the SUJ2. In particular, the effect is remarkable in those 
having the carburization nitriding for the bearing ring (examples D-5 to D-10). 



On the other hand, in the conq)arative example E-1 as an exanq)le of the case of having the 
nitriding process to the rolling element surface made of the SUJ2, a sufficient surface hardness is 
not obtained due to a small Cr content so that the fretting endurance and the sound endurance are 
poor. Moreover, in the comparative example E-2 as an example of the case of having the nitriding 
process to the rolling element surface made of the SUS 440C, the surface accuracy can hardly be 
obtained due to the presence of a coarse eutectic carbide so that the endurance is slightly poorer 



[0073] 
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[0074] 

Moreover, in the comparative examples E-3 and E-4 as examples of the case with the 
nitride layer thickness less than 1.5% of the rolling element diameter Da, the sound deterioration 
derived from the roUing element damage was observed in the dropping impact test. As heretofore 
described, the rolling bearings of this embodiment can prevent the sound deterioration at the time 
of impact dropping, which has been the problem peculiar to a hybrid bearing using a ceramic ball, 
and they have the improved fretting endurance and sound endurance to the degree the same as or 
higher than the hybrid bearing. AdditionaUy, they have the following advantages. 
[0075] 

According to the configuration of the comparative example E-6 using a ceramic ball, the 
specific resistance of a silicon nitride (Si3N4) ceramic is as large as 10^^ to 10*"* Qtm so that the 
foreign substances can easily be attracted by the electrostatic function, and thus the dust sound 
failure or the conveyance trouble can easily be generated in the production process. Furthermore, 
since the silicon nitride ceramic has an extremely small linear expansion coefficient (2.8 x lO^/^C) 
as well, the preliminary pressure may be changed by the temperature change so as to generate the 
torque fluctuation, or in an extreme case, the phenomenon of completely losing the preliminary 
pressure can be generated. 
[0076] 

According to this embodiment, since a steel is utilized basically, it has a specific resistance 
to 10"^ n*m, and thus is not so different from the SUJ2 in terms of the order. Furthermore, the 
Unear expansion coefficient is only lowered sUghtly (10.8 x lO^rC in the case of A-4 in the table 
1) compared with the SUJ2 (12.5 x 10"*/^C). As the housmg material for a bearing, a ferritic 
stainless steel (10.4 x 10"^/°C) is used in many cases. In this case, the preliminary pressure load 
change amount at 0 to 70°C is 0.98 N, and thus it is rather advantageous compared with 2.94 N of 
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preliminary pressure at 20°C is about 7.84 N, it results in the complete losing of the preUminary 
pressure at 70*'C. 



Fig. 5 shows the relationship between the rolling element diameter Da ratio of the nitride 
layer thickness formed on the rolling element surface and the impact resistance in the dropping 
impact test. As it is learned from Fig. 5, in the case where the ratio is 1 .5 % or less, there is no 
difference between those havmg the bearing ring of the SUJ2 and those having the bearing ring 
having the carburization nitriding of the SUJ2. That is, in the case where the ratio of the nitride 
layer thickness with respect to the roUing element diameter Da is 1 .5% , it is considered that the 
sound deterioration derived from the rolling element is generated at the time of die dropping 



If it is 1.5% or more, the rolling element rigidity is increased so as to improve die inq>act 
resistance. Furthermore, a difference is observed between those having the bearing ring of die 
SUJ2 and those ha^d^thecarburization nitri^g of the SUJf . That STwTffiout the ratio of the 
nitride layer thickness m die roUing element surfece with respect to die roUing element diameter Da 
of 1 .5% or more, die sound deterioration at die time of die dropping impact cannot be prevented 
truly. In particular, in die case where the ratio of die nitride layer diickness widi respect to die 
rolling element diameter Da is more dian 2%, die effect is high. Moreover, in the case where die 
bearing ring has die carburization nitriding, die inq)rovement effect is further high. It is 
considered diat die introduction type elements such as a carbon and a nitrogen as die solid solution 
in die martensite form die atmosphere of fixing die rearrangement, and furthermore, die carbide or 
carbon nitride precipitated at die time of tempering has die function of restraining die 
rearrangement interlocking. 



[0077] 



intact. 



[0078] 



27 



[0079] 

However, if the tempering temperature is too high, the carbon and the nitrogen as the soUd 
solution are precipitated further as a carbide or a carbon nitride by the tempering function. 
Furthermore, due to gradual aggregation thereof, the function of fixing the rearrangement is made 
smaUer. Furthermore, since the carbide and the carbon nitride precipitated in the tempering 
process aggregate with each other, the rearrangement pinning effect is made smaller as well. That 
is, since the rearrangement reinforcing mechanism is aUeviated. the impact resistance is lowered. 
Therefore, the tempering temperature is most preferably at the temperature of decomposing the 
residual austenite substantially completely, and it is not preferable to have it higher than necessary. 
The preferable tenq)ering temperature is 250 to 320°C. 
[0080] 

It is considered that a preferable result can be obtained by executing the carburization 
nitriding process because the carbon nitride functions further effectively for pinning the 
rearrangement in addition to the rearrangement fixation by the soUd solution nitrogen. As a result 
of the discussion of the present inventors in detail, the effect was extremely small unless the 
nitrogen concentration at the 2% depth of the roUing element diameter Da in the bearing ring (it is 
slightly larger than that in the outermost surface) of at least 0.1% by weight or more is ensured. 
More preferably, the nitrogen concentration at the 2% depth of the rolling element diameter Da is 
at least 0.3% by weight or more. 
[0081] 

Next, a result of the various endurance evaluations of a roUing element as another 
embodiment of the roUing supporting device according to the present invention will be explained. 
The all rolUng bearings used were a ball bearing produced by NSK Ltd. having the size and shape 
of 6.350 mm inner diameter, 9.525 mm outer diameter and 3.175 mm width. As the rolling 
element to be assembled in the rolling bearings, those having a 1.0 mm diameter Da corresponding 
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internal corrosion preventive oil and an ore based grease were used. 
[0082] 

moreover, as the steel as the matraial, those shown below (steels A, B, C) and a high 
carbon chromium bearing steel SUJ2 were used. Then, the residual austenite amount in the steels 
were made to be 4% or less as well as a desired nitride layer was formed on the surface layer of the 
rolling elements and the bearing rings. Furthermore, as the comparative examples, the cases 
without satisfying the conditions of the nitride layer thickness of the present invention were 
evaluated as well. 
[0083] 

Steel A: C content 0.60% by weight, Cr content 13% by weight, N content 0.15% by weight 
Steel B: C content 0.80% by weight, Cr content 8.0% 
Steel C: C content 0.80% by weight, Cr content 4.0% 
[0084] 
[Table 4] 
[0085] 

The table 4 shows the complete product qualities of the roUing elements and the bearing 
rings and the endurance evaluation results of the rolling bearings using the same. The surface 
hardness in the table is the measurement results of the rolling element surface and the bearing ring 
end face surface by a 100 g load directiy with a Vickers hardness meter. Moreover, as to the 
rolling element, the nitride layer thickness was obtained by polishing a rolling element enveloped 
by a thermoplastic resin to an appropriate cross-sectional diameter and etching with a marble 
reagent, measuring the rolling element cross-sectional diameter m the observed surface, and the 
nitride layer thickness clearly observed after the etching in the cross-sectional diameter with a 
microscope, and geographically calculating based on the measured diameter and nitride layer 
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thickness. 
[0086] 

Moreover, as to the bearing ring, the cross-sectional surface of the bearing ring enveloped 
with a thermoplastic resin was etched with a nuirble reagent and the nitride layer thickness was 
treasured direcfly. Here, the all layers influenced by the nitriding after the etching were regarded 
as a nitride layer. Moreover, in order to have the true nitride layer thickness values obtained by 
the nieasurement, the measurement values were corrected to the nitride layer thickness in the 
cross-section on the center (the cross-section to have the maximum cross-sectional area) in the case 

of the roUing element, and to the nitride layer in the cross-section including the axial line in the 

case of the bearing ring. 

[0087] 

As to the endurance evaluation for the roUing bearing, the sound endurance, the fretting 
endurance, the impact resistance, the high temperature storage endurance, the corrosion resistance, 
or the like were evaluated. First, the initial sound evaluation was carried out by nneasuring the 
axial vibration acceleration degree (G value) at the time of operating the ball bearings by a 4.9 N 
preliminary pressure and a 1.800 rpm rotational frequency and it was suppUed to the various kinds 

of the evaluation tests. 

[0088] 

The sound endurance evaluation was carried out by measuring the axial vibration 
acceleration degree (G value) again after the rotation operation by a 4.9 N preliminary pressure and 
a 15.000 rpm rotational frequency at a 70»C temperature for finding tiie sound deterioration amount 
from the initial value. Then, it is shown by the ratio based on tiie case where the comparative 
example G-1 of tiie total (the rolling element and die bearing ring) SUJ2 is 1. Therefore, a smaller 
numerical value in the table shows a superior sound endurance. 
[0089] 
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acceleration degree (G value) again after executing a 10.000,000 times rotation test at an ordinary 
temperature with a 4.9 N preUminary pressure, a 8 deg sway angle and a 30 Hz sway frequency, 
and finding the G value rise amount with respect to the state before the test. Then, it is shown by 
the ratio based on the case where the comparative example G-1 of the total SUJ2 is 1. Therefore. 

as in the case of the sound endurance evaluation, a smaller numerical value in the table shows a 

superior fretting endurance. 

[0090] 

The impact resistance evaluation was carried out by measuring the axial vibration 
acceleration degree (G value) again after applying the axial load to 294 N while mcreasing by 9.8 
N each time and removmg the load, and finding the G value rise amount with respect to the state 
before the test. Then, the axial load increased by 5 mG was provided as the impact resistance load. 
Then, it is shown by the ratio based on the case where the comparative example G-1 of the total 

SUJ2 is 1. Therefore, a larger numerical value in the table shows a superior impact resistance. 

[0091] 

The high temperature still storage endurance was carried out by measuring the axial 
vibration acceleration degree (G value) agam after applying a 4.9 N prelhninary pressure and 
storing at 1 lO-'C for 155 hours, and finding the G value rise amount with respect to the state before 
the test. Then, those having the increase of 5 mG or more are evaluated to be poor and 
represented by the X mark in the table, and those having the increase of 5 mG or less are evaluated 
to be good and represented by the O mark. As to the corrosion resistance evaluation, a 2 week 
wet test was carried out under the 70°C, 95% RH condition, and it was evaluated by whether or not 
the corrosion was generated. In the table, those not having the corrosion generation are 
represented by the O mark, those having the remarkable corrosion generation are represented by the 
X mark, and those having the corrosion generation but apparently better than the comparative 
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example G-1 are represented by me A mark. 
[0092] 

From the table 4, it is learned that the rolling bearings of this embodiment (F-1 to F-6) are 
better than the comparative examples in the all evaluation tests. The thickness of the nitride layer 
of the roUing bearings are 10% of the rolling element diameter Da (1.0 mm) or less, that is, 100 pm 
or less. On the other hand, the comparative example G-1 as an example with all the inner ring, the 
outer ring and the rolling elements of the SUJ2. is poorer than the embodiment in all the items. 
Moreover, the comparative example G-2 as an example with all the imier ring, the outer ring and 
the rolling elements using a steel A as a martensite based stainless steel without the nitriding 
process, is poorer than the embodiment m all the items except the corrosion resistance. 
[0093] 

Moreover, the comparative examples G-3 and G-4 as examples using a steel A with the 
nitriding process for either of the bearing rings (inner ring, outer ring) and the rolUng elements do 
not have the high temperature still storage endurance because not all the constituent parts (the 
bearing rings and the rolling elements) satisfy the configuration conditions (the steel composition, 
presence or absence of the nitride layer and the thickness) of the present invention. Fig. 6 is an 
exanq)le of a chart of the frequency analysis (envelope analysis) of the results of the sound 
measurement after the high temperanire still storage endurance test of the rolling bearing of the 
comparative example G-1 . As it is apparent from Fig. 6, in the case of the long term storage at 
1 10°C, the sound deterioration factors (presence of the BrineU trace) can be observed in all the 
rolling elements, the outer ring and the imier ring. Therefore, it denotes that the sound endurance 
camiot be improved unless all the constituent parts of the roUing bearing satisfy the configuration 
conditions of the present invention so that a countermeasure should be taken with respect to the 
ambient temperature of the roUing supporting device such as the rolling bearing in an appUance to 
have the rolling supporting device such as the rolling bearing assembled. 
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[0094] 

Moreover, the comparative example G-5 as an example of the case with all the inner ring, 
the outer ring and the rolling elements satisfying the conditions of the present invention except the 
nitride layer thickness, cannot improve the impact resistance due to the insufficiency of the nitride 
layer thickness. Furthermore, as it is apparent from the table 4. the roUing bearing of the 
above-mentioned embodiment has the sound endurance with respect to the 15,000 rpm high speed 
rotation, and thus it is considered to be sufficientty compatible to the above-mentioned high 
performance of the appliance. 
[0095] 

Furthermore, since the roUing bearing of the above-mentioned embodiment has the better 
corrosion resistance than the conventional roUing bearing of the SUJ2. it can be used also in the 
case where the absolute dry specification is required, for example, to a bearing for a swing arm. 
This embodiment is an example of the present invention, and thus the present invention is not 
lixnited by this embodiment. For example, although an example of a rolling bearing has been 
explained as the roUing supporting device in this embodiment, the roUing supporting device of the 
present invention can be adopted to the various roUing supporting devices of the other kinds. For 
example, they are a baU screw, a linear guide, or the Uke. 
[0096] 

[Effects of the Invention] 

As heretofore explained, since the roUing supporting device according to the present 
invention is provided such that an extremely hard and dense nitride layer is provided in at least the 
surface layer of the roUing elements by the most appropriate thickness, compared with a common 
roUing supporting device, not only the quietness, but also the fretting endurance, the sound 
endurance and the impact resistance are exceUent. 
[0097] 
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Furthermore, as to me mgn speeu cuuuiouw auxi mc? c.uv*«*c»ix^w *--r 

temperature stiU storage to be lowered according to the high performance of the appliance with the 
rolling supporting device assembled, it is excellent Moreover, according to the roUing supporting 
device according to the present invention, the problems of the impact resistance, the preliminary 
pressure failure, the sound failure described from the dust attraction by the electrostatic function, or 
the like, which are regarded to be problematic in the hybrid bearing utilizing a ceramic ball can be 
solved. And furthermore, the significant effect of providing the same at a low cost can be 
obtained. 

[Brief Description of the Drawings] 

[Fig. 1] is an explanatory diagram of a fretting wear trace in the roUing element surface. 
[Fig. 2] is a vertical cross-sectional view of a rolling bearing as an embodiment of the roUing 
supporting device of the present invention. 

[Fig. 3] is a schematic explanatory diagram of a production process for a roUing element of the 
present invention. 

[Fig. 4] is a cross-sectional view of a roUing element of the embodiment of the present invention. 
[Fig. 5] is an explanatory diagram showing the relationship between the nitride layer thickness of 
the rolUng element and the impact resistance. 

[Fig. 6] is a chart showing the sound measurement results of the rolling bearing. 
[Description of the Reference Numerals] 

1 Inner ring 

2 Outer ring 

3 Rolling element 
N Nitride layer 
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[Fig. 2] 




[Fig. 3] 







[Material 
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I Quenching 



Header process 
Flushing 



Sub zero 

Coarse griding process 
Ball peening 



I Finish process 



Sphericity 3 jU m or less 



[Fig. 5] 




RoUing element nitride layer thickness/rolling element diameter 



[Fig. 6] 
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0Jjl±<0S<bSA<}^J5l$Jh,. HSriS, iiiS«5S14^A<l^± 

•r<6. *t=. ^ea^bsiri* (Fe. cr) 2-4 n. C 

rN. Cr2 Nl|<Dfil$ffl3SS<b!t^*<^«I^^Jfai-r i)<7) 
-C'. giiS(D<k5'5:a>*<DiH^!.ttA<mii6<Ji:ilSl±-rSo fi 

S<bBro®*l*Hv I I 0 0)U±*<»*L<. Hv12 
0 0 ~ 1 4 O O SJSA^i^tCjff* L L^o 

[0 0 4 4] fe7!»<y3t^saA<«^^s^sitfc 

h ^ oTfii^cK y -set A<«5an? c t lifriE a> 
ffiyx-fc^s. LA^L. -laic. teA<y3L^gS(Dn:^gp 
*t & -s t^l*rt ^g|j« (Iea< y aia<»Ji^ & 

1^^) (03ttt*l*l£!!li*a>ffi*J:y-^^l>*:*<Sith$*t 

•Cl^-Sfcto. ^|i8l-l*i£ll«:<»:^*<J: y 

[0 0 4 5] *5§?B#c>tt, Mibiirod^icsiLTPae 

icSltt^ftJECofc, J^-T'S^Lfcg<bll*}^Jl£^? 
frtolcli, -S<7)M<biaiSB#HA<!&^t«:y. -t-O)** 

ik«^6*l:*:^L^^i^. y®s^ta^siti.«^i=i*. 

«). S<bBfl)iC*l*l£l«it*iSgDa<Z)i. 5%m±fr 
*je^5A<fcy. teW)tt:i£SDa<D2. 0%«±i:-rSC 
i:*<«fey^^f*LL^. 

[0 0 4 6] f=f£L. M^bHa>IP**<J:yJit<«:^i:. 

rt:^a5«irii-r-5J:y»*uL>}^sii=otxt:i*. 

[0 0 4 7] ^fc. !e^^Jii±a)JiL^g'ib)i$iftit«>ct 
14, ■r^EJh^S^bffiai^FB'jroSSlco^fA^y, ©sax 
h&UfS<b«iS^«)K»)S1£Tir<tSJ)nx=ix h<7)ii 

^CL^. Lfc3!)<oT, -troS^bSflJU^^iglJli^ltSDa 
©6%JslTXI4l O 0 /imKlTit'-SiS^SA^fe'So 
tt:itSDa*<1. 6 6 7 mmJilT<0li-&l;l4. gibJiO) 
OO/i/mlilTir-f -SdiA^Jif^Ll^o 



[0 0 4 8] ^l!j<*l4g<b5aSA<liS5F^fc^l^tt 
±lfJ)DX**tT> aS^tlS. *t*:MICI4J I S B 1 

5 o 1 iai£(0§f$si oei± (x-f >-9't— Affltnigoffl 
-&ctA<jff*i,<, *e.(c»*L<tt. 

SM^O. O 5 ximKlT. «ffia**0. 003//mR 
[0 0 4 9] JJi±<Z)^5£(C<J:yf^iS**vt=l£l!)i*<D^fi6 

a*®©s<be<oJ5*ttit«icJ^— »aii4. iBt3»u 

xa)JS^^<b«cj:S#SS&'(b) tiRi±-r«. 

fj|B<Diiyi?fcy» J I SG 4805IB»<DSU J 2 

i4ti*)?>A/a>ci:, su J 3si;z*Le>ics(aLfcffiBt 
mtiiSffifl. SCR. scMl|(om^0l$1£^t'^c:^ 

[0 0 5 0] fcfiL, «S1^mi::J:i)W#Sfe<b^R&±-r 
L^tt*>^ h e-->^f^d:i:<D««6*HiI^b:^^. * ?.I- 
-x^^-r h$isy^£<ffiM-ri)Ct*<»*Lt^ «e 

[005 1] $»ijtffiaffilc;S^M<b)l$J&fi£$-l± 
.g^. «li]t«lf=iSc<&EJi[)^^tecyill<}5:-3-CiBtfl» 

■r-So a?*, n*fiiJ*t. F«^*aJ*^lc;s^l^s^bfllSA<^t^F 

^ $ -fei-r , fti^jg A;ii jtTicfc It y *5t«-r 

a:i— X^-^-r hl4, l5iaLfc*5i::fiiai4*^S*$*i' 
i,/jNS<DlnA<yi4S^I=*>t>TI*^S-efe-oT, C^lS 

;tKM^b«^A^^^(Cll^^^-C, 2 5 0-3 2 
0'caJS©SffiT?j3SML*<T'&actl=J:oT. SIB^ 
— Xt^-^-'I' K$ 1 %mTi:-f *o 

[005 2] fctcL. m^m\'^i^h-\-^ut^^'k%^-t~ 

toicli. M<be<OSi!l<*itg D a (© 2 %0>3E^Fl4ai-fc 
l+-5SmSJS*0. lsa%J*l±i:-r*wt3&<ff*L 

J:y»*L<l4. O. 3m»%Kl±-r?fc-5. *f=. 



(7) 



2001—323932 



[0 0 5 3] n:^SPtt. rt:^5gl5«<©SSjt*5iXi;^^S 

tj:i3*>. C r<7>^WSA<3«a%El±-efc*ffl-<?««"^ 

-tOTSSiei^lil^A^HvQOOJaJKOM^b 

5%m±6%mT&U:eillt*l£SDa<D1. 5%JU±1 

■r-s. 

[0 0 5 4] JSITIC. lKA<yil!lS*«i:L''C^ »t*:6*l'fe 
-oXmt^-^i>. «^l-<fcotl*. »RL«)fl»lc-9-:?-fe* 

'lbli*«B*-li-'5-i:*^"^^<C<'S*l**"y*'> 1=^*'^ 

[0 0 5 5] *fc. C(»t#<DtlllS^j£l*. 2<b«iS* 
ffJEc5fcS1blB©Il*i::ftB^fcBf^5S**^='^^=*« 

gia(7)lEill<*rolioi:P-a)S1b«iSlctt*Hi>. 
JSfc. M<btoS^I-l±. ^1b!fJ!)'V>S<b1«!i«©SS^S?- 



[0 0 5 6] :$i%^<D^it:^mz^*iii. mim 

S§ffla>SA<y«^Sl-ife^'^T(*. wefB'lttiiflmx (^-v 
:^tt±ifttix$#t?) ^M<bfliS^l^^f*j:5ci:A<»* 

Ci:A<»*L<. ^fC.I-»*L<I*0. OS/imWT-^ 

ifes. sib)i<D^-a)ife«>sai^BiL-ci*. ttF^roesift 

[00571 

[«W<DSIli6(DJf^Si] *f|B^(-^^eA<yX1#SS0)* 

*<y«iafl>BSffiH-cfc-&. crosA^yiftsi*. siaroiE 
sit^ (7t?-;u) 3t, ^•*tj:y=t.rt^i='fiM-r*rttti 
•?-*ij:y*.n^icas-r^M-^2i:*^ii'tEy. feis 

3$^i^-ri>fc«)<oeii!i!«A<si-j-p>^-ctey, $e®i<*3 
ttTi^s. tei!)i*3ici*^sE-r^*asicj:y, -t 

(D*ffilcS<bIl N A<i6it P>tuTl'> So 
[0 0 5 81 C(0<fc5'Jj:feA<y$ftSlcfeoT. ^JSfillt 

«ig6 9 5 (J I snyi;*-^) •C^f«Cof=o <P33. t*s 
izm^^^^*immVLt Lxit. f -'•Tf »3 ia±*-e 

[0 0 5 91 *Slffia)ft^®i=fcitSteiS<*i*KAT(D:^j£ 

fiE^^-r -sia^A- 1 ~ A- 4fl)fli*fieffl uf=. 

[00 6 Ol 

[S1l 





(wt%) 


{wt%) 


«*«J«±PS 1) 
(wt%) 


«* 


A-1 


1.00 


1.5 


1,34 


SIU2 


A-2 


1.07 


17.2 


0.55 


SUS440C 


A-3 


0.8 


8.0 


1.01 




A-4 


0.45 


13.0 


0.76 


£«iRft0.15wt% 



[0061] ^-r. ESI . 5mma)Sl*t*ffl«'^'C'^-V 

^f-Jnix&t;:7'5-vi/>^^i=J:y^«^^^§SL. ^=h.(- 

5aalCOt^■CI*s 4 1 0-4 4 O'CX 2 4-4 S^Fb^O) 

N vg'Ib-r'a-fexi-.fcyff^E'^fc'' 03'-^ ^(OteBt* 



siitxgcDawiia^^-ro ki±o>x^^^Ts j i 

ffl^O. 0 03jumRaJy.TCD|£il!)i*^#t=. 

[00621 S2IC, crosaftcD^i^aaa^^t'. 

[0 0 6 31 
[S2l 
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^Baa 0 0 1-323932 



















(Hv) 


Datt(%) 


(HRC) 






A-3 


1197 


2.4 


CO R 
99. D 








1223 


2.0 


59.8 




B-3 


A-4 


1356 


2.5 


59.7 




B-4 


A-4 


1345 


4.2 


59.8 


B-5 


A-4 


1358 


5.9 


59.9 


it 


C-1 


A-1 


754 




42.1 




C-2 


A-2 


1298 


2,1 


59.7 


9i 


C-3 


A-3 


1213 


0.9 


59.9 


C-4 


A-4 


1321 


1.2 


59.8 



[0 0 6 4] «*a>Sffi?l$l*s l^ai 0 0st?$Ei!l<* 

SIC t^-C X -V ^ > Lfc^lC^iai-tl^ $ *t ^>S1bll 
th-nztX'^Mzo 04(DfEi!lt*:<OBi®Sllcj3L''-C. 

[0 0 6 5] *t=» *f§wi=fcitse!!)<*fl>«si*. a 

B. (nSfcfcy©lUS!t5~3 O) t:'40 n p cKlT. 
H. B. (RSfcfcycOUj"'- - ---^ 



^ V/ V O W J % v*'™ — — — - — •- 

-iiy<DS?ftffli31<7>L^1'*t*">^SSLf=. -ttl-^^vSi 

(1) 8 2 0~8 5 0'c-c-«fcAtLife. ■9-:'-»^affliS^ ^ 

LNT2 2 0~2 4 0''C-eeSML*t6Lfc (SS^OJail 

^(DWicii rsu J 2J tIBil) . 

(2) 8 2 0~8 5 0'C-C;tKS<bSiA*t«. -y-^^-tfa 
jOS. 811^X2 6 0~2 8 0°C-CttRL*lfeLt= (*3 

EtJ(D«iJtt$i(0«B(-i* rsu J a+itrnM-lbj tlB») . 
[0067] iii^^cDiiiJisa®® $ i*» ( 1 ) = 

A<HRC59. 5. (2) <D«^A<HRC6 2. S^efe 
■afc. (2) |Ci3l^-CEPMA-t?BT®S^5Sa» 

ffisais Lfciem. 2 %D a ai* ic felt -ssfeifii* 

0. 3 4afi%'Cfc-3fc. ^ti.f>(D$KK)i*i:IJlii*fi<!:S 

[0 0 6 8] *-r. Kil^ittS^^lII 1. 8N. iHlIn 
ai 8 00 r pmX'^Wi^i±tct^<DT=>^'^T)Um.mim 

SJt (Gfli) $a!is-r€.-t-e*o»i*»flii*fi-«ctv ^• 

[O O 6 9] 
[$3] 





E# 








mm^ 




D-1 


B-l 


SUJ2 


0.31 


0.21 


1.1 




D-2 


B-2 


SUJ2 


0.28 


0.23 


1.0 




D-3 


B-3 


SUJ2 


0.24 


0.18 


1.1 




D-4 


fr-4 


SUJ2 


0.22 


0.15 


1.2 




D-5 


B-5 


SUJ2 


0.23 


0.16 


1.2 




D-6 


B-1 


SUJ2+Si^SI<b 


0.23 


0.16 


1.5 




D-7 


B-2 


SUJ2+»igS<b 


0.20 


0.18 


1.2 


D"8 


B-3 




0.12 


0.14 


1.6 




D-9 


B-4 


SUJ2+»lttffi(b 


0.11 


0.13 


1.7 




D-10 


B-5 




0.12 


0.13 


1.7 




E-1 


C-1 


SUJ2 


1.38 


1.19 


0.90 




E-2 


C-2 


SUJ2 


0.89 


0.45 


1.00 


E-3 


C-3 


SUJ2 


0.31 


0.23 


0.80 


9i 


E-4 


C-4 


SUJ2 


0.24 


0.16 


0.87 


E-5 


SUJ2 


SUJ2 


1.00 


1.00 


1.00 




E-8 


St3N4 


SUJ2 


0.24 


0.19 


0.82 



[0 0 7 0] ^mmik^f^mit. ^Ei 1. 8N. iHie 

|$7 2 O O r pm, a)g7 O^C-C 1 0 0 OB*FBl0l£ffi!) 

^^^t*^c.fl>ws^<bas*«). ±suj2a!(Dtt 



[0 07 1] yi^v^:y':fm{k^mm\t. Tm^v^xm 

U J 2 SiOit^m E-5 <D«^* ^tLtzt ^(DttV^F 
fcttffiT?. T^v7';U*|fi]l-a'*®^* (30cm~1 



(9) 
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^tbtz^mmas 5 gi: L. /\:?lzWi<')n\ftz1sam&.\d 

lCJt«LTGlt*<5mGliJniLfc*njS)t**«). ±SU 
J 2S0)tbSfi«E-5<D^^$'1 t LfcirtOtktJ^L 
fc. Lt=A<oT. a3ctJ<oafi|A<:fcttM5i:\ IBffiStt 

[0 0 7 2] a3*y. *i6BBA<«sit^».i4v mviyy 

Ittt-tl 7 5 -V ^7 XtK— fifeffl LfcltKCH E - 6 t imi 

*V<fey %«SICInl±LTfey. SU J 2A^^>'^C?) 

mji«l*SKa<bLfct.(D (S«gfl«D-5~D- 
1 O) -C^-OSIbmA^SLt^. 

[0 0 7 3] C:h.lC*tLT. ik^^J-pfc^E- 1 I4S U 
J 2A''P>'S:'&tel!)t*:«®i&a<b«iSLfc«^a><RIT*fc^ 

fc. itlSt^E— 2l*SUS4 4 0C*^e)'Jfi)teS!l<*(D* 

[00741 ^fc. itS^Ci|E-3Ztt/tk«J«lJE-4l4S 

JK^<Dfe3!)< y fftSI*. -b ^ 5 <7 ;7.7t?— Lfc/\ 
^■Ib^lft^-C^T^ ao. /\^-y*)v KttStH^&S 

[0 0 7 5] -b^s-y^'XTH— ^u^ffifflUfcJtKfflE- 
eroJi^tDfllfiR-ciiv S<b^-<* (S i3N4) -b^S-y 
^;?.05itStii;i4 I oi3~i o14q • cmi:l^;^lc:^#< 

Tiimmf^ffl{-«fcyM!t«!i$iRiiLg<. ssitxai-fci^ 

Tif5^^afc-5tM4M2lh7:?^U**e-yStV 
(2. 8X1 0-6/°C) fctf). jSJt^lblC * U 

*<3E'lbL-C h;i'^3S»A<^i:f=y, SJffi^fii^l*^^!- 

[0 0 7 6] *|llg«IJI=33l^TI*» S*fl<IlCl*Si*flJJl 

Lfct05-e&-5fctf>. lt«tn:0)®t?t~1 0-5Q ■ cm 
-CfcoTS U J 2 t:*-— ^— MlC^*llSt*^+3C)^fL^o 
* g!»?ifil»tSU J 2 (12. 5X1 0-6/ 

"O i:Jt«SLTt3-rAMC<£T-r* (Sl<©A-4CDli 

10. 8x1 0-6/°C) <0^T?. tiSCD/\'l7v>'y 
©«MI4:?x7-f KI^^T'^^^Sa (1 O. 4x10-6 



~7 o''cizfcMt-S^lI1Sfa^<bfii4o. gsNt'&y. 

^SUJ2<D2. 9 4N(C]t®L-C=b^*<J-efe-5. M<b 

fit(C!tf-5t=ft. *!]ffl^ffA<2 0°C-t?7. 8 4NSS-C*fc 
7 0°Ct?^±IC^ffi*<t6ltTL*5^St 

[0 0 7 7] 05IC(*, SSlitt:SSii::?^fiELfcS<bSll 
^(OteUiftltSD a tbt^TfiSKSII^fclt-SitSStt 

1. 5%J*lT«)li^lCli. UlitfiA^SU J 2-efc-5t<0 
«litllA<SU J 2lcaKS<bLfct.<0i:a)SA<«l< 

[0 0 7 8] C*tA<1. 5%W±l=«i:«i:. <E»(*:roHII 
LTmffi«1t*<lnl±U. $ q>|-«l7l^*<S U J 2 
■Q^h^Cit. DiiItiA^SU J 2lc;ti^S<bLfc=fe,a)t 

ic^A<iBtoe,*L-s. -ffs.^^. esiflcasros^biBi?* 

0!)lEM(*i[SD alZ«-r-StkA<1 . 5 %JSL±-C4i:L^t . 

aic^TSS^OWS^Ib^llfiittJ^^ft^o sib 

liIl$fl)SI!lt*:ii:SD a |Cj*-r-SJt*<2%$S^-5^a 

alLfcM^b«!fe-6U^I*mS<b«J*<teii<oitBl*ffl«^J■^S 
[0 0 7 9] L*^L. fllMLSSA^S-r^-Si:. iBIML 
St^ttKSIb^jtnco-cflflli L, $ &l=l4-t*l. 
ti^K iftMLiag-C'«fmLfcKHb1«!l^f>KS<b14) 
-5. ■rJSrt?^. |£i43t1b«l«A<«i?P**iSfc«)Wfl5»14 

aiei*, 2 5 0--'3 2 0°C-efcS. 
[0 0 8 0] ;l^S<bfilSt-4CtlcJ:y»*Ll^^S 

A^#P>*LS(7)li. @-;§M^*<<feytei4S@«$-fr*^i: 
ic/in^, mS<b!teiA<J; y«!i*6<jic|Ei4a)e>±«)«cf^ffl 

a<7)2%Sil$lCfclt^g*;mS$'>tt< <!:t.O. 1 
%JiA± (ftSSlcfcl^-Cli, •t*i-<fcyS^:*:#«'^) 5t« 
L^i:L^^:. ^•(D^l!ll6l*l^«lc/^$A^of=o J:y»*L< 
l*> |Ei!)t*:llSD a<D2%S!S$(cj3l+-5SmSlg*. '> 
'Ef<<htO. 3Sa%Kl±i:f •S<DA<aL'>. 

[008 1] ^>:ic. 2^i§Kicflg-5l£A<y3£l#SS0)1tero 



(10) 
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nme. 3 5 0mm. 5 2 5mm. i|@3. 1^ 7 

I*. •T'^TltgD aA^I . Omm-^^SSkSffi^aJtO) 

[0 0 8 2] *fc. &.T\Z7F-t^0> 
(JHA. B. c) auiffiKS^aixtiSS^su J 2$ffl 



Jo OB 5 J 

S3A : C^*fiO. 6 0mS%. C r^^ai SSS 

N^^SO. 1 5SM% 
S1B:C^^»0. 8 0mS%. Cr^«8. OMS 
% 

flC:Cit«SO. 80aa%. Cr^:&a4. 0S5 

% 

[0 0 8 4] 
[S4] 



/ami 



tt 



No. 



F-1 



F-2 



F-3 



F-4 



F-5 



F-6 



G-1 



G-2 



G-3 



G-4 



G-5 



mm 



SUJ2 



SUJ2 



(HvJOOg) 



Dalt(%) 



1310 



1305 



1345 



1340 



1265 



1145 



864 



812 



1345 
864 



1289 



1.8 



2.5 



7.5 



mm 



(Hv.IOOq) 



1285 



1265 



10.0 



7.8 



7.7 



7.5 



1.3 



SUJ2 



_A 
SUJ2 



1291 



1305 



1255 



1123 



694 



732 



694 



1291 



1286 



Dait(%) 



1.7 



2.1 



7.0 



9.8 



7.1 



7.3 



7.0 



1.2 



o.mT 



O.lttT 



O.UilT 



O.U:iT 



O.lfelT 



O.mT 



1.00 



0.72 
0.21 



0.46 



0.u:tT 



o.u:tT 



O.mT 



O.mT 



O.mT 



1.00 



0.67 



0.26 



o.u:i>T 



0.76 



o.u:iT 



1.82 
2.0a± 



2.0U± 



2.0tt± 



2.0Kk± 



2.0Jil± 



1.00 



0.73 



1.22 



1.56 



0.91 



[0 0 8 5] a4ic. tm»RxfWim.m<omfS,&&mt 

•To 1^*1 0 o g T*tei&ttcD«s& 

t;»iataisaa)«s * nit * -xsistt y an^ 

icS^ttJ-r -5 C i: ic J: y o 
[0 0 8 6] ^fc. tllallidfct^TI*. !»prffltt«B§iw 

^ifcg-lbliB^^^SCDdtsa^xfe^Cl. ^ltl<*(Dii^(4 

[0 0 8 7] KA<yttSOWi^.'ttl¥ffi[^OtN-CI4. 
E4. 9N. IslK»1 8 00 r pmt?ff!il5?1ifci:#(^ 
[0 0 8 8] §#iti^tti¥<ffil*. "^EEA. 9N. E^Sfc 



ISOOOrpm. 7 0°CT* 1 O O O ^Fa^ESf^tt 

fco -tLT. ±x mm»Rxswi^m *<su j 2«a) 

[0 0 8 9] :7U»y^>^Wi^14Sffllil*^ «aT-1^E 
4. 9N. tSift^as d e g. ffiifilSS^Sita OH z, ts 
UjlHlSfcl 0 0 0:^I51i4el^^T^i:•^fc^. WJtT+v-v;l/ 

[0 0 9 0] WffiattSffil*. T*V-v;U?5S^9. 8 

fjic«-r«)Gfii(D±#s**«)S-ti^<fcy*Tofco ^• 

LT. 5mGiittlLfcT*v-v;b?5ia^BSS^fii: L 
fco **l::(4> u J 2S(DtbEt^lG- 1 CDK®^^^ 

[00 9 1] aa»aiK^^14l4. ^^^4. 9N<^^ 
1 1 O^CICI 5 5^Fp1«^Lfc^. SST^v^JU 

ssijjDiss (Gfit) ^aiiSL. iasiiiiiw«-rsGiii(D± 



(11) 



«f#ia2 00 1-323932 



lraLfct<7)^^g:ti¥ffiL. Settle xH3T?SL. 5mG 
lilTT'$>ofctCDIia»i:i¥{ffiLT. OHl"C«Lfco SB 
^ttPffil*. 7 O^C. 9 5%RH<7>SI#-e2jaPBlig5aiS 
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